Prostasomes are exosomes derived from prostate epithelial cells through exocytosis by multivesicular bodies. Prostasomes have a bilayered membrane and readily interact with sperm. The membrane lipid composition is unusual with a high contribution of sphingomyelin at the expense of phosphatidylcholine and saturated and monounsaturated fatty acids are dominant. Lipid rafts are liquid-ordered domains that are more tightly packed than the surrounding non-raft phase of the bilayer. Lipid rafts are proposed to be highly dynamic, submicroscopic assemblies that float freely within the liquid disordered membrane bilayer and some proteins preferentially partition into the ordered raft domains. We asked the question whether lipid rafts do exist in prostasomes and, if so, which proteins might be associated with them. Prostasomes of density range 1.13-1.19g/mL were subjected to density gradient ultracentrifugation in sucrose fabricated by phosphate buffered saline (PBS) containing 1% Triton X-100 with capacity for banding at 1.10g/mL, i.e. the classical density of lipid rafts.
Abbreviations
. Ceramide is one of two cleavage products of sphingomyelin by sphingomyelinase, the other is phosphocholine (5) and prostasomes contain sphingomyelinase (6) . The membrane of MVBs (storage vesicles) may fuse with the plasma membrane of the secretory cell and, in case of prostate epithelial cells, release the intraluminal vesicles as prostasomes to the extracellular space (7, 8) . It is noteworthy that the bilayered membrane surrounding prostasomes (after the two sessions of invaginations) should be regarded as "right-side-out" with reference to the plasma membrane. This is illustrated by e.g.
Mg 2+ and Ca 2+ -stimulated ATPase that is an ectoenzyme (9) that is also appearing at the outer surface of prostasomes (10). The corollary is that cell surface interactive molecules like enzymes and receptors may appear also on the membranes of exosomes/prostasomes.
The majority of prostasomes ranges in diameter-size from 30-200nm, with a mean of 142nm (11) . The main purpose of prostasomes may be to transfer newly synthesized proteins from the prostate gland to sperm and thereby, among other things, render them protection in the female genital tract (12, 13) . Prostasomal proteins may be transferred to sperm through different mechanisms, viz direct interaction with the sperm membrane (14) , fusion at a lowered pH (15) and internalization (16) . Prostasomes are immunosuppressive and regulate the complement system and they have proven antioxidant and antibacterial properties (17, 18). Prostasomes contain a surrounding lipid membrane bilayer that exhibits a high cholesterol/phospholipid ratio (19) . The lipid composition of the membrane is unusual and among the phospholipids sphingomyelin is the dominant one, contrary to other cell membranes where phosphatidylcholine is most abundant. Prostasomes have a strong contribution of saturated and monounsaturated fatty acids (19, 20) . These characteristics together with a high cholesterol/phospholipid ratio make the membrane of the prostasome very stable as demonstrated by electron spin resonance (19) .
In the early 1970s the plasma membrane of the cell was described as a fluid mosaic by Singer (26) . Lipid rafts were defined as low density subdomains of the plasma membrane that are resistant to non-ionic detergents at a low temperature (27, 28) . Fatty acids present in lipid rafts are more saturated, compared to the membrane adjacent to the domains. It means that the fatty acids can be packed more densely and this may lead to phase separation. The abundance of intercalating cholesterol makes the rafts more rigid and less fluid than the rest of the plasma membrane (29). In other words, the membrane can undergo phase separation into co-existing liquid-disordered and liquid-ordered phases. The liquid-ordered phase (the lipid raft) becomes enriched in cholesterol and saturated fatty acids and is characterized by tight lipid packing and reduced molecular diffusion, as we noticed for prostasomes (19) .
There are two different types of lipid rafts, planar and caveolae. The distinguishing factor is that the caveolae are formed by the protein caveolin while the planar rafts lack this protein (30). Instead they contain the protein flotillin (31) . Researchers have found that selected proteins localize, and co-localize in lipid rafts (32) . Lipid rafts are not anchored at a specific site in the plasma membrane, but float freely. This enables larger and more stable platform domains to aggregate (33) . The formed aggregates are involved in many biological functions including endocytosis, cell communication, molecular trafficking, neurotransmission and they could be understood as organizing centers for signaling molecules and receptors (30, 31).
When cells are depleted of cholesterol, e.g. by the agent methyl-β-cyclodextrin, formation of caveolae expression and also raft-dependent endocytosis are inhibited (34) . This demonstrates the importance of these cholesterol-enriched domains to cell survival. Flotillins are also involved in endocytosis in a process controlled by the phosphorylation of tyrosine residues (35) .
In this work we asked the question whether lipid rafts do exist in prostasomes and, if so, which proteins might be associated with them. Accordingly, we prepared lipid rafts from human prostasomes in order to characterize their protein content.
Experimental Procedures
All experiments were approved by the Ethical Committee of Uppsala University.
Purification of prostasomes
Seminal plasma was collected from the local Fertility Clinic (Uppsala University Hospital)
following established routines (36) and collected samples were kept at -20°C. Thawed seminal plasma was centrifuged for 10 min at 4°C and 3 000g and the supernatant was saved and centrifuged for 30 min at 4°C and 10 000g to eliminate possible cell debris and larger vesicles and the new supernatant was subjected to ultracentrifugation for 2h at 4°C and 100 000g using Rotor 90 Ti (Beckman Coulter, Brea, CA, USA) (7). The resulting pellet was resuspended in phosphate buffered saline (PBS), pH 7.6, and loaded onto an XK16/70
Superdex 200 gel column (GE Healthcare, Uppsala, Sweden) to separate prostasomes from amorphous material (37) . Fractions were collected at a flow rate of 5mL/h (fraction volumes of approximately 1.3mL) and absorbances at 260nm (nucleic acid) and 280nm (proteins) (indicating prostasome presence) were measured. Fractions with elevated absorbances were pooled and ultracentrifuged for 2h at 4°C and 100 000g. The pellet was resuspended in PBS and loaded onto a gradient of 1M, 1.5M and 2M sucrose and ultracentrifuged for 20h at 4°C
and 85 000g using an SW28.1 rotor (Beckman Coulter). The main fraction at 1.5M (density range 1.13-1.19g/mL) (38) was pelleted by ultracentrifugation for 2h at 4°C and 100 000g, resuspended in PBS and the concentration was estimated by a BCA protein assay kit (Merck, Darmstadt, Germany) and adjusted to 2mg/mL. Purified prostasomes were kept at -70°C.
Lipid raft extraction
Prostasomes (approximately 8mg) with density range of 1.13-1.19g/mL (main fraction) were top loaded onto two sucrose density gradients of 5% (w/w), 30% (w/w) (corresponding to a density of 1.10g/mL) and 60% (w/w) (1.5M sucrose, corresponding to 1.19g/mL). One of the two sucrose density gradients was prepared with PBS containing 1% Triton X-100 and the other one was prepared with PBS without Triton X-100 as a control. The 30% (w/w) sucrose (density of 1.10g/mL) is the classical floatation density of lipid rafts (39) . Both sucrose gradients were ultracentrifuged for 28h at 4°C and 256 000g (SW40 Ti rotor, Beckman Coulter). Fractions at 30% (w/w) sucrose (lipid raft density) and 60% (w/w) (1.5M) sucrose were collected in respective sucrose gradient. The collected fractions were separately ultracentrifuged for 2h at 4°C and 100 000g and pellets were resuspended in PBS. At least 8
preparations of lipid rafts were obtained on different occasions and stored at -70°C. 
SDS-PAGE

LC-MS/MS of prostasomal lipid raft proteins
Prostasomal lipid rafts (20µg) were denatured and reduced in SDS (1%), ammonium bicarbonate (0.1M) and dithiothreitol (DTT) (10mM) by heating for 5 min at 98°C, and subsequent alkylation by iodoacetamide (20mM) followed by incubation for 15-30 min at 20°C in the dark. The sample was thereafter transferred to a spintube, 10kDa cutoff (Pall Corporation, Port Washington, NY, USA) (40). Urea (8M) and ammonium bicarbonate (50mM) were added four times (4 x 450µl) and centrifuged for 15 min at 14 000g each time as described previously (40). Before the fifth centrifugation only 2M urea and 50mM ammonium bicarbonate were added and spun after which the solution was diluted to a final concentration of 1M urea and 50mM ammonium bicarbonate. The digestion was executed for 16h at 20°C by 0.5µg trypsin, and stopped by acetic acid. UV-absorbance was measured in a NanoDrop 2000 (Thermo Fischer Scientific Inc., Waltham, MA, USA) to establish protein concentration. A C18 filter absorbed the digest for 24h (41) before the mass analysis was carried out on a Thermo Velos (Thermo Fischer Scientific Inc.). The column was 100mm long with an internal diameter of 75µm, packed with 3µm C18-Aq particles. The elution was carried out by a constructed gradient from 5-65% during 60 min starting with two solutions; 0.1% formic acid and 100% acetonitrile with 0.1% formic acid, respectively. A maximum of 10 fragmentations was done for each MS-spectrum. Fragmentation was carried out by CID using standard settings. The list of peaks obtained was used to search the X! Tandem website.
Peptide matches for protein identification
Raw data file was converted by ProteoWizard 3.0.3916. Derived data from ProteoWizard were transferred to Mascot version, 2.2.07. Proteins were identified by Uniprot Release 2013_06 (taxonomy filter: containing 20 258 sequences, Homo sapiens). Searches were by default. Trypsin was used as enzyme (cleaves peptide chains mainly at the carboxyl side of the amino acids lysine or arginine) and maximum missed cleavages was set at 1. Fixed modification was by carbamidomethyl and variable modification was oxidation. Mass tolerance for precursor ions was 10ppm and mass tolerance for fragments was 0.4Da, no known contaminants were excluded. The maximum significance threshold was set at 0.05 (indicating significance) and maximum number of hits was set at default. The used MudPIT (multidimensional protein identification technology) score was 1 and ion score cut-off was 0.
False discovery rate was 6.54% and this was calculated by dividing decoy by peptide matches above identity threshold (more information can be found in Supplementary Tables 1-4 ).
Conversion from Uniprot ID to Uniprot accession number was performed by Uniprot
Retrieve/ID mapping (http://www.uniprot.org/uploadlists/).
In Mascot, an identity threshold and a homology threshold were calculated. The first depends on the expected chance of getting a false positive match and the second is an empirical measure of whether the match is an outlier. MudPIT score is the sum of the ion scores of all non-duplicate peptides with a filter against weak (or random) matches. The Select Summary takes the protein with the highest protein score as number one in the list. A peptide match which is both red and bold is the best match because the first time a match appears, it is shown in bold face and the top match is shown in red. A protein hit without any bold red match only contains peptides with better scoring matches assigned to higher scoring proteins (see Supplementary Tables 1 and 2 ). Accordingly, we decided to set the threshold criteria for protein matches as at least one bold, red hit (Supplementary Table 2 ). If the matches did not fulfill this criterion, they were deselected and not accounted for in the proteomic analysis.
Results
Preparation of prostasomal lipid rafts
A schematic illustration of the prostasomal lipid raft extraction is presented in Figure 1A . In Figure 1B (left), in the Triton X-100 containing sucrose gradient, a distinct whitish band was outlined on top of 30% (w/w) sucrose (corresponding to lipid raft density). This band represented approximately 13% (on a protein basis) of the originally loaded sample of prostasomes. Moreover, in the same tube, a residual fraction of possibly partially degraded prostasomes appeared from 1.5M (60% (w/w)) and downwards representing higher densities in the sucrose gradient. On the contrary, control prostasomes subjected to an ordinary sucrose gradient centrifugation lacking Triton X-100 displayed the expected 1.5M band ordinarily appearing at this density (Fig 1B, right) .
Comparative SDS-PAGE banding patterns of prostasomal lipid rafts and control prostasomes
The three independently prepared prostasomal lipid rafts (Fig 2) displayed high reproducibility with distinct protein bands appearing especially in the molecular weight range of 38kDa-188kDa. When compared with control prostasomes (Fig 2) the low molecular weight proteins (below 14kDa) were less expressed in prostasomal lipid raft domains. It should be mentioned that no protein bands were observed in SDS-PAGE of samples at the lipid raft floatation density position of the control gradient (sucrose without Triton X-100)
(not shown).
Immunoblotting of selected proteins in prostasomal lipid rafts and control prostasomes
All immunoblots were performed on DRM-fractions and control prostasomes as well as on the residual 1.5M fraction in sucrose gradients containing Triton X-100. Flotillin-1, flotillin-2 and clathrin displayed bands contrary to caveolin-1 and caveolin-2 (Fig 3) . The bands representing flotillin-1 and flotillin-2 had a reduced molecular weight by 3-5kDa in the DRM fraction compared to the bands in control prostasomes (Fig 3) . The residual 1.5M fraction exhibited both bands (Fig 3) . There was also a difference in the appearance of clathrin immunoblots. Concerning clathrin, control prostasomes and residual 1.5M fraction had a similar appearance with bands at 49 and 98kDa while the DRM-fraction only presented a single band at 49kDa (Fig 3) .
Protein characterization of prostasomal lipid rafts in comparison with control prostasomes
Identified proteins by mass spectrometry of prostasomal lipid rafts (Supplementary Table 2) were compared against a list of proteins from prostasomes (42) in the database PANTHER (http://www.pantherdb.org/). A pie chart divided into different categories of biological processes was created for both lipid rafts and prostasomes (Fig 4A) .
The Venn diagram (Fig 4B) depicts the partitioning of the different proteins found by mass spectrometry in prostasomal lipid rafts (Supplementary Table 2 ) and prostasomes.
Approximately half of the proteins in the prostasomal lipid raft list were found in the prostasome list (42) . The diagram was created at the BioVenn website (http://www.cmbi.ru.nl/cdd/biovenn/).
Discussion
The general mode of investigating detergent resistant membranes (DRMs) is homogenization of intact cells and their treatment with a non-ionizing detergent at 4°C for 30 min followed by floatation of derived raft domains in a density gradient. A drawback with this method is that extracted DRMs may originate from any membrane in the cell (plasma membrane and organellar membranes). There may also appear molecular complexes that are not DRMs but still coincide at the same floatation density. Our approach was to examine the DRM content of prostasomes with a main origin from invaginated endosomal membranes therewith circumventing contamination from other cellular constituents. For that reason we used a sucrose gradient containing 1% Triton X-100 and identified proteins in DRM of prostasomes by LC-MS/MS. For comparison we used a previously published mass-spectrometry list of unmanipulated prostasomes as reference (control prostasomes) (42) . Both flotillin-1 and 2
were identified (Table 1) in the list of prostasomal DRM-proteins contrary to caveolin-1 and 2 that were not (also proven by immunoblotting). Clathrin was identified by immunoblotting of DRMs and, although not found in the current proteomic list, it was present in the list of control prostasomes (42) . It is noteworthy that flotillin-1, flotillin-2 and clathrin presented bands with modestly reduced molecular weights in immunoblots of DRM compared to control prostasomes and the reason for that is not known.
The three proteins with highest mascot scores in the list of prostasomal DRM-proteins were CD13, CD26 and CD10 (Table1, Supplementary Table 1 ). These proteins have been used as genuine markers for prostasomes since they have a distinct and consistent (over time)
appearance at around 100kDa in coomassie-stained SDS-PAGE gels of human prostasomes (36) . CD26 (dipeptidyl peptidase 4) and CD10 (neprilysin) both associate with CD9, a tetraspanin that is a biomarker for exosomes in general. We produced monoclonal antibodies against purified seminal prostasomes and one third of the resulting hybridomas recognized an antigen that was identified as CD26/dipeptidylpeptidase 4, a serine protease with unique specificity (43) . Ecto-adenosine deaminase (ecto-ADA) is known to be capable of association with the ecto-ADA binding protein CD26 during T-cell activation (44) and the interaction ecto-ADA/CD26 might be important for transducing adenosine receptor signals (45) and seminal plasma contains appreciable amounts of adenosine (46) . It has been suggested that ecto-ADA may be the modulator between different cell types (47) . We established the presence of adenosine receptors and ecto-ADA on stallion prostasomes together with CD26
and also, after transfer of CD26 from prostasomes to sperm cells, an interaction of CD26/ecto-ADA leading to fusion between prostasomes and sperm cells (48) . Similarly, the well-anchored prostasomal protein, CD59 (Table 1) was readily transferred to red blood cells deficient of CD59 giving these cells an almost complete protection against complementinduced hemolysis showing preserved functionality after transfer (49) . Hence, exosomes/prostasomes seem to be essential intermediary links between cells.
We identified other tetraspanins including CD63 and CD151, also commonly used biomarkers for exosomes, although the tetraspanins CD81 and CD82 were not found in prostasomal DRMs while CD81 appeared in control prostasomes (42) . Tetraspanins are a family of proteins with four transmembrane domains. Both the C-terminal and the N-terminal ends are on the cytoplasmic side of the plasma membrane and stretch less than 20 residues of most tetraspanins. Regions in the ends may interact with cytoskeletal adaptors (e.g. syntenin1,
ezrin, BAIAP2 -all identified in the present study) and signaling proteins (e.g. protein kinase C, cdc42, G-proteins (Table 1, Supplementary Table 2) ). The extracellular part of tetraspanins spans over two loops, the small and the large loop. Tetraspanins can interact with one another and they can also interact with a multitude of other transmembrane proteins including metalloproteinases and CD-antigens and a role in creating adhesion platforms has been proposed due to their ability to form complexes with certain integrins and immunoglobulins (50, 51) . Due to this ability they have been suggested to play a role in metastasis of cancer cells (51) . Moreover, the composition of the adhesion molecules in platforms may play a role in goal specific targeting. Accumulating evidence suggests a role of tetraspanins in EV cargo selection (50, 52) . What is more, they may even be able to promote formation of MVBs and that is thought to participate in the abscission process (57) . ALIX in complex with syntenin (Table 1) and syndecan is believed to be a regulator of the biogenesis of exosomes (57) .
Other identified proteins involved in the secretory-endocytic pathway are; Steap-4 (six transmembrane prostate protein 2), a metalloreductase that has the ability to reduce both Feand Cu-ions; MAL2, a component of the machinery of polarized transport; SNAP23, an important regulator of transport vesicle docking and fusion. SNAP23 is synthesized as a soluble protein and becomes membrane-associated via palmitoylation of its cysteine-rich domain (58) . Palmitoylation is also important for the formation of tetraspanin complex. It is therefore noteworthy that we identified palmitoyltransferase (ZDHHC2) in prostasomal DRMs which stimulates palmitoylation of tetraspanins CD9 and CD151 (59) being a candidate enzyme to regulate SNAP23 palmitoylation as well (58) .
Ras related rab proteins are a family of proteins involved in intracellular vesicle trafficking and have therefore been of great interest for the formation of ILVs of MVBs. The rab GTPase activity supports processes including sorting of proteins, caveolin uncoating and motility of endocytic vesicles and later, tethering and fusion events of exocytotic vesicles (60). We identified several of these proteins in our prostasomal DRM-fraction (Table 1) and among them especially rab-27A and B that apparently control important steps of the exosome secretion pathway (61) . Moreover, the chaperons HSP70, 90 and heat shock cognate 71kDa
protein were identified as well as clusterin, previously recognized as an autoantigen of prostasomes (62) .
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